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Shift Work and Anxiety Symptoms at an Electronic Manufacture Company:
The mediating effect of vitamin D and sleep quality

Chang Ho Chae" + Young Sook Park!

Department of Occupational & Environmental Medicine, Samsung Changwon Hospital,
Sungkyunkwan University School of Medicine, Changwon, Korea
'Department of Physical & Rehabilitation Medicine, Samsung Changwon Hospital,
Sungkyunkwan University School of Medicine, Changwon, Korea

ABSTRACT

Objectives: The purpose of this study was to compare vitamin D levels, sleep quality, and anxiety symptoms
between shift workers and daytime workers and analyze the mediating effect of vitamin D and sleep quality
between shift work and anxiety symptoms.

Methods: The subjects of the study were 6744 people who received a medical examination while working for
an electronics manufacturing company in 2016. We evaluated their shift work, vitamin D levels, sleep quality,
and anxiety symptoms with blood samples and questionnaires. Chi—square test, t—test and path statistical
analysis were performed.

Results: The shift workers had significantly higher symptoms of anxiety than the day workers, significantly
lower levels of vitamin D in the blood, and significantly poorer quality of sleep. The results of the pathway
analysis confirmed that blood vitamin D and sleep quality had a mediating effect between shift work and
anxiety symptoms.

Conclusions: Shift workers should be constantly paying attention to mental health effects such as anxiety
symptoms. Shift workers should also be alerted of the risk of vitamin D deficiency, encouraged about sun
exposure and vitamin D intake, and required to undergo training and counseling on sleep hygiene.

Key words: Anxiety symptoms, shift work, sleep quality, vitamin D

LM =2 (Bae et al., 2017). 2Hii= 7212 20, 3l

A5 44 gk ARG WBlet Al Rofe]
ke Q) pdekE FkE B0 wRy LR
7} 27 Ftel St vIRe A9 AR 2EAe
15-30%] ol2t AR UHA  UrHShields,
2002). BISRE #A7E Qe HE Hojxn it

ek opygt EAlRt +3F 5= ISk Ao
(Schwartz et al., 2010).

W] AR 1 Bt oy APAolA ok
U3t 3Gl LA ek WA HeEdBurch et
al., 2005)°|4 ZE]EQ] FH|olXH(Touitou et al., 1990),
IAAAA EHE AsKTsatsoulis & Fountoulakis,
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2006) 59 ety 7|HET s W A Ayas et
al.,, 2003), 28}HGuo et al.,, 2013) H&EF L A2
ZAM(Vyas et al., 2012), tHARS-S(Karlsson et al.,
2001 22 AEAES o] wdiFet Teigo] 9l
Lo] HuE|9jon AsHdAIRvan Mark et al., 2010)
T} 22 ATARASE FiH(Gan et al., 2015; Vetter
et al, 2018), 1381 S (Davis et al., 2001;
Akerstedt et al.,, 2015), t&(Schernhammer et
al., 2003), AEA%(Kubo et al., 2006) 52| 3%
Fr TR FFE W= Ao dEA ot

I EF718E(circadian rhythm)S w9l
sto] FHAAONE op7 |ttt A2 W] A7 IR
% 7F% eo] olop|Ele Aot Akerstedt,
1998; Drake et al., 2004). WtiLFAQ] $H A
= o] BESES A EA S3EA ¢ o]2
Qe A5 Aset 50 2344 Al 9™ St
(Dawson et al., 2011)& o]o{R|&= EA7} S}, ESt
Ax7] F59] Wel= QI fHG = &2, Bt T4
2 s FIck= H117} 993 (Driesen et al., 2010).
o]d 2&(Kalmbach et al., 2015), 2%HBooker et
al., 2020), 52 A7 digt w72l A
A7 Ago] F55k= AR oA BS 5=
A-tEofo|th. wHFrt o2A FAHT EAIE oF
ZINZI=A] 1 7133} F=o] tigh B2 =0 8
3t Aol

hH WojdRet @% BEYl DO A= 4R A%
Aol A v EARF F2fgt Apol7t glitk(Itoh et
al,, 2011)= BE1% SIQATE t=9] A=0] wrf
A9 @ A7 &5 S47F €% HlEw DY 4
< Aofioto] H|w A Bl EF H[ERl D7} W
thWard et al., 2011; Romano et al., 2015)1 211
SHATH

g% BEHY D7} 1ol vlA= 2 FEe] Aol
= Aoy EFHEN D7} &S FHAITo] Fot
2 o] oA =2 A2 E YEHTHKim et al,
2014: Lee et al., 2017). 18] 3 H[E}Y] D= FAlslz
|08 A7 AY &= §A € 44 e 33t 9l
(Buell & Dawson-Hughes, 2008), AlFAHZo|=
S 2 2 (neurosteroid hormone)2.2 E9F 59 AAl
ZAbo]| GRS w|XtHFyles et al., 2013)= X117} 9l
, @% HE D Asket EQtsAa IS Hol
9] AW et al., 2016; Buleu et al., 2019)
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THdsteE] o] W] Hojg dorH EQFgolgt=
JAIgEo & Sk 4= QJtiGiacobbe & Flint, 2018).
W} EQRSAYol| #st 7|E0] AgPATLE HE
ol WdidR= e At #o] 9al o] F2
otz o] 9ok E3E W EAloA dF ]
BTl D Asprt dA¥sl7] i @5 HEt D Ashk=
£ 343 Y A Astet #o] Qlrk= Balsol
AALE.
weha] o] Ao wrjrel B E AL
B2 S0l 288 9ol A7 HAAAE AX3|AL
ndf, M RHEEAE GFoE IR F5Fo] o
d3 HEH D sk, A9 A A5, B T4 A
o] 2 Hlus| B FAHCRE {3t Zfo|7} Q=
A dotR 1Al ot EFE WrfLFERR] Qo] &
Vitamin D2} $=H9] Zo| ojH A2 E Bl Bt 34
of FFES w|A=A] FRYFA BdE o] 83t A=
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vt Fgdgol HATE A HAAE A F3|A
of £&H 37AIIF ] ZESHEA 20164 193EE
12971A] 222 AFAGS 92 222; 6,782HS
|z AFPIALCE ALt ol T dF HE
At FEE QA AAE vlEeE 3R 389 A
oIt F AFLHPAIAE F 6,7440ILt. o] A=
ORI EARE &85t 534 dHATE AT 1
B 7]13o] A-aEj4lo Y eslel HolE AA AlYst
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HA 2249 60% olgol THTFE Sk Ac
weje] Y= 3RTER3T), 28GRI Ht F
e TAE] YT 3R AJPER T vlgo] 4
o, WARTA F AR PAFo] SAEH T2
2R S 9% Aot ol ATlA AT
Ae] AAZT GRE AT 2aA AGATES
WS GA] AAZTE S ARA ofR Pl
At ATHAY QTAISE B4 A, A4,
BESFE, AEAHE WA 2A

3. 2915 AH(Anxiety symptoms) L7t

B2t 34 ke xIHE A)7194] AEA(Beck
Anxiety Inventory, BAD7} AREE It o] E4&=
Beck 5°] 9& Z4Hdepressive symptoms)d} &
stof E9F S/ B9l ARt Ao = 21719
FE3o g o]FojHOom(Beck et al., 1988), Likert 4
AAHLE ol&st A 1382t ANE 7+ E39
B =g 47 0d(ds glh), 18t 18, 2
AE 1g0), 3-Rshe s 4% & 3-S A+
o AF&SIAUIL M7t =255 EQAol AEE 9

gt}

A

T

T dS HrIsl] A8l AlAR SR 5-85= A=
S 4= Q= A ;LI H|=H I O] A Z|4(Pittsburgh
Sleep Quality Index, PSQDE A& tHBuysse et
al, 1989). oJ¥1 Afolx= ASH gh=ojgt PSQIZt
AFEEAEHSohn et al., 2012). PSQIE At 17043
o] £HO Ag FH +HO A(subjective sleep
quality), HE(sleep latency), FHA|ZHsleep
duration), HA-E(sleep efficiency), THH 3l (sleep
disturbance), $HFES Ak&(use of sleeping
medication), A (day time dysfunction)
o] 771 st9Y= B7IotES AA =] Ut Zt 519
FIER 7Hs AeHAE 0-370H, HAert =25
= o otdY SHe o] "ojZ Qugitt. F
¥ e 2 S99y 2 Btk & F2l) Qs
AREsiH, A 0804 | 2187HAolo. A7t &=
255 $HY Zo] "JolZS ugitt,

5. €5 HEIID 57
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Sk= serum 25-hydroxyvitamin D7} 3% Ach
(Norman, 2008). HAl= &4 A7HA] ¥ Eisto]
Modular EHitachi Co, Tokyo, Japan) ]S o]-&s}o]
A71& sy W= H(electrochemiluminescence
immunoassay) 2.2 4% 7S AREoITt

6. A2

nE g9l BAEHE STATA 14.0 (Stata
Corporation, College Station, TX, USA) AR&3I%
of Wt LAY A, vel, @5 BIEHID,
e A A4(PSQI), &S AFBADE V& BAE
Aot MY Haes NS AS5Y Haes
¥ HAKstandard deviation)E o1 7|&dMHaL
WL} Bt E 7k BAIA AolE LotEr] 9
ofo] WFg W= chi-square test, 94 Heb=
t-test AAISIRITE 7]&9] APAFolA HilE AHS
v o 2 wWrfdRel -2 34 719 IA A EF H]
Rl D, ¥ Ao w7l A= 2P A5t =2
B2 STATAS] #2734 R dl(Structural Equation
Modeling, SEM)& o]-8sto] Z+ H=29] 1E3}5|AA
F(pEHE AtEstelon AY, 7H, SRS E45H
71&319. -9 F(p-value)2 0.05 1S A5t
Hog ou| Q= FA&E 7otk

.z o

1. CHAALS] ety £4

AT AL 6,744 5 THZFA= 4,234(62.8%)
Holn F7FHEEA= 2510(37.2%)0lqdth. AA o
AR ZF A 3,164(46.9%)E01H, =7} 3,580
(53.1%)Eoez Azt IEE Fo FHEFEA
A FAH62.3%)7F AARH37.7%)ET}t Wol w52t
9] dxK37.8%), 9IRH62.2%) Bl&} §-2J5t Z}o]7} 9l
At WHEFEALY] B AHL 282412 FEFARS]
31.8AM1ET}E F2 Holith WrEFAY] E5 HlER]
DO B 13.22+5.44 ng/mlo& FEA BF
9l 16.54+6.52 ng/mlEtt F-2l5HA 2ttt ESH &
ot 22 YehE &2 A4(BAI score)v= WoiH
7} 7.10£7.943902 7+ TF 5.21+6.753°] H|F]
FYoHA ot WHIFA BRF 0] =2 Ao=
yepgtr I83 el 4S8 Uil PSQI daE
D257 5424297808 FEE 4.4242.664
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Table 1. General characteristics according to shift work(N=6,744)

Day worker (n=2,510) Shift worker (n=4,234) Test P-value

Sex x2 380.465 0.001
Male 1,564 (62.31) 1,600 (37.79)
Female 946 (37.69) 2,634 (62.21)

Age 31.86 £ 4.50 28.21 £ 4.36 t: 32.802 0.001
Male 33.30 + 4.01 30.07 £ 4.03
Female 2947 + 4.25 27.09 t 4.16

Total vitamin D 16.54 + 6.52 13.22 + 5.44 t: 22.422 0.001
Male 18.15 + 6.36 14.99 + 5.66
Female 13.86 + 5.89 12.45 £ 5.00

Anxiety score 521 t 6.75 710+ 794 t —9.960 0.001
Male 432 £ 6.18 480 + 6.73
Female 6.68 £ 7.37 8.49 t 8.29

PSQI score 442 + 2.66 5.42 + 297 t: -13.803 <0.001
Male 413 £ 246 5.01 £ 2.79
Female 492 + 290 5.67 £ 3.05

Data are presented as numbers(%) or meantS.D. p value by chi-square test, t-test

o uls] RolstA ot oL EAte] Srle] Ho] F7k
A B Y Aog YetiTable 1). &%
g3 HEl D %, E<F A5(BAI score), 9 &
A5(PSQNS] LAZT ol w2 Yud Pt BE
WAL Table 19] 3 7|&3I9E olE A4E
Ul g RRUAE dUS 3 HEgheE
w2l SLeH WefFolA kg Hls) @
HlEkl D7} W, B9k A7t 1, 9] A A7t
T2 e e Eoy I Aole dHER b 27|17
Er ey

N o

1

off HN

2. ARUHA R 2t A2 9| HESH

7129 AgAolA dHx wjdFe}t 5 HE
D 1181 £HY Ayt B9t F4F 7He ot A
TAIE HIF o2 BAS 93 o]&4 Kol AHE
AcKFigure 1).

2A3 = SRMR(Standardized Root Mean
squared Residual) <0.01, RMSEA(Root Mean Squared
Error of Approximation) <0.05, &< Ho| Z¥A3L
71 WSOt B3 74 A2 mESHAS(8R)7F
Figure 13} Zo] BE AHRoJA BAZCE [ogt 32

Vitamin D
Shift work »>|  Anxiety(BAI)
-0.036™
0.876™ y 1.186"
PSQI
Figure1. Results from path analysis for predicting the association BAIl score with shift work, vitamin D and PSQI( ** P{0.01, ***
P<0.001)
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Pt W2k é%ﬁ H1E}U1 D 4% 7ol p#tol
—3 313(P<0 001), I 2 o] 7“(PSQD 7o)
Bzkel 0.876(P<0.001), g% H]EH D} EFEAHBAI)
Zll=

5147} °1&’ifﬂTab1e 2).

B3Xe] -0.060(P<0.001), 2] A(PSQDH &<t

TS Eoe

HIEIRI D} 4Bi2

SABAD Ztoll= A%kl 1.186(P<0.001)°] 31T, 79 E74]Xq v«]“ = 747%}7] oty FEAESH
(bootstrapping) WS Aot WLF>H|E
3. B2 E4(path analysis)Z 1t bl D%%O 549 BEe FA% AT ki,
Az BAold WjRRL Be 4 83 vEN  AYRRS>SucAsueAe 2T fojd 14
D, $ue| A3t ot AR ANE BTt B vg AP °‘&’b~ WRSulekg] D>SEelE> el
Table 2. Direct, indirect and total effects of Shift work, Vitamin D and PSQI on BAI score.
Direct effects Indirect effects Total effects
B SE Z P-value B P-value B P-value
Shift work — Vitamin D -3.313 0.148  -22.430 <0.001 -3.313 0.001
Vitamin D — Anxitey score -0.060 0.014 -4.300  ¢0.001 -0.042 <0.001 -0.102 <0.001
PSQI score — Anxitey score 1.186 0.029 41550  <0.001 1.186 <0.001
Shift work — Anxitey score 0.509 0.176 2.880 0.004 1.378 0.001 1.887 0.001
Vitamin D — PSQI score -0.036 0.006 -6.040  {0.001 -0.036 <0.001
Shift work — PSQI score 0.876 0.075 11.760  <0.001 0.118 0.001 0.995 0.001
Table 3. Specific indirect effect of shift work on BAI score
B SE VA P-value
Shift work — Vitamin D — Anxiety 0.198 0.048 4.120 0.001
Shift work — Vitamin D — PSQI 0.118 0.021 5.560 <0.001
Shift work — Vitamin D — PSQl — Anxiety 0.141 0.026 5.440 <0.001
Shift work — PSQI — Anxiety 1.039 0.091 11.380 0.001
Table 4. Results from multi-group analysis for predicting the association BAI score
Direct effects Indirect effects Total effects
B SE Z P-value B P-value B P-value
Male
Shift work — Vitamin D -3.161 0214  -14.780 <0.001 -3.161 0.001
Vitamin D — Anxitey score -0.016 0.017 28.910 0.353 -0.029 0.001 -0.045 0.018
PSQI score — Anxitey score 1.123 0.039 28.910  <0.001 1.123 <0.001
Shift work — Anxitey score 0.568 0.213 2.660 0.008 1.046 0.001 1.614 0.001
Vitamin D — PSQI score -0.026 0.008 -3.370  <0.001 -0.026 0.001
Shift work — PSQI score 0.804 0.097 8.330 0.001 0.083 0.001 0.887 0.001
Female
Shift work — Vitamin D -1.714  0.199 -8.620  (0.001 -1.713 0.001
Vitamin D — Anxitey score -0.005 0.023 -0.200 0.844 -0.017 0.127 -0.022 0.400
PSQI score — Anxitey score 1.163 0.040 28.880  <0.001 1.163 <0.001
Shift work — Anxitey score 0.935 0.279 3.350 0.001 0.878 0.001 1.812 0.001
Vitamin D — PSQI score -0.015 0.010 -1.530 0.127 -0.015 0.127
Shift work — PSQI score 0.723 0.115 6.270 0.001 0.025 0.133 0.745 0.001
Journal of Korean Society of Occupational and Environmental Hygiene, 2020: 30(3): 321-330 www.kiha.kr



g3 vEtY Do} 1ol 2 BAF o= Folst ujij
a7 = Ao ERIEAKTable 3).

g, o 422 L= UF J1E8(multi-group)?l E=2

F14 7k Aol H7| flste] FAel AR e
o5 15 (multi-group) 42 24 234 GAk= H]
BN D>ERISA ARoA A-¥aTt g 9430l
RAAOHB=-0.016,P=0.353), BIEt] D->5wHOl &
(PSQDE AAH L= 7P &3 pgrol +943°] AaB
=-0.029,P€0.001) F&F} L= F/o] SR
=-0.045,P=0.018), @F H[el] D7} B3t Sl B4
Hog [ogt JFS v|A= AR Yehgoy ozt
9] 7% H[ElY D>ERMSA ARojA At g
fol4do] 9131(8=-0.005,P=0.844), HIEFI>5HO] &
(PSQDE AA L= 7HaF} = F430] glofAl(B
=-0.017,P=0.127) H|E}Y] D>EMSA A2 a3}
B AR FYHol fle ALE YEHTHA
=-0.022,P=0.4). 1 9] & & F2E= 9y 25 &
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o7 90J5l%tKTable 4).
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9D Jej3 o) Fe pEgAnd
2 BAS B9 Lelarel Bot 34 719 B
@3 ujehyl D} 9] ol viARIF YA FF
Hog B & It Ag AFSHTA Sk

o[ Qo)A ol AFolH B gt A}
3 WARTATE AT s Bt SFo] 5
ofstA it 123 @F HER D L R
Aol vla) RAERAL felobA weror] Suel 4
© PR shA A treRdeiTable 1).

E3, Mool Bk B4 71 WA 8% )
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(Table 3).

IR o ZAE o7l 902 I
g5 TR0 ks AR & d#A UtKSack
et al, 2007). 179 47| 252 ¢ 59 9FA=
9] QIx|et W& AP S Foto] AlAdsHRol YIA]gt
A A F A H(Supra Chiasmatic Nuclei, SCN)OJ
A TEA " ot dF7] Ye2 s 28T ofy =t
s oy YA 755 4% Hess HAVIER
(Reppert & Moore, 1991). o]& Ag] 7152 H3E
ot 7Hdde R U7 g5 FNE &Rl &+
ot AAE WidR SEASONA A gy
o] 9= WZtE 9] BH|(Burch et al., 20054
ElE, AFA|2(Zulley et al., 1981) 59 €% ¥HEO|
AR A= @dE0] EXEY . dtdE= AR
(Jet lag)dt o] dF7] 5ol YAIA mho| ofd gt
44 ATS Tt HolA A7) g5 BoiE
Faske 99E 5 1 8% =0 € S Utk

o AtollA wiLF7E 9] A(PSQD 7+
AollA ot Ad ad= QAT WHidFE > EF
HIEH D > 43 2o A=A EF H[Ewl DY
] B FosHA Qe TA] el mfEAle|
A F9%t @5 BlEY DO Aoprt He] Ao o5t
o} A} vk ZIRIY| o= W A+ T A
FYYZAHKNHANES 2010~2011)9] A&2E wigto
2 TH9A o}4e] YRRl (Lee et al., 2017)2}F 654
0]A419] LQIQ09HKim et al., 20145 Aoz 3+ A
TolA EF vitamin D7} R25E FHAIZIO] Zot
k= A+ Bt fARE 233t SHAITE o A
oA &, AE e o I1F A4 HRe 8%
HIERY D 50| WOy o] Zo| [oJ5tA WA
o o4 EF vl D £ U A e
(PSQI) Atele]l fofgt Aeto] giglet. o= & o o
F Aol @5 BlEY DS Y 4 1o
= FYe dFol fivbe A2H/= dof(Park et al,
2019) €% H|ERl D e dof gk TA= d
Adgh A7 B g6t

FHOl do| EQto] mA|= FF FAl APA
A & HYE Aot (Kalmbach et al., 2015; Shen
et al., 2016). o|¥ A= $HO] Ho| EQkA
o mX= A a7t Folottt. B3 wHidFet B

folulg 78 &I} o] o)F 8eIEe] wrare}
2 shoict

m

AL 5e)
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